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A maximum
energy at optimum
power-density,
minimum internal-
resistance,
maximum charge-
retention, high
mechanical-
strength and long
cycle-life are the
desirable
characteristics of a
battery.
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Box 1.  Electrochemistry of the Lead-Acid Battery.
At the positive plate:
     
 discharge
PbO2 + H2SO4 + 2H+ + 2e–        PbSO4 + 2H2O (E0 = 1.69 V vs.  SHE ).               (1)
         
charge
At the negative plate:
           discharge
Pb + H2SO4      PbSO4 + 2H+ + 2e– (E0 = –0.36 V vs.  SHE ).              (2)
charge
The net cell reaction is accordingly given by,
           discharge
PbO2 + Pb + 2H2SO4       2PbSO4 + 2H2O (Ecell = 2.05 V ).                           (3)
 
charge
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Figure 1. Charging process
of a lead-acid battery.
Figure 2. Discharging pro-
cess of a lead-acid battery.
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The key issues,
which in the past
have made the
lead-acid batteries
fail, are short-life,
high-maintenance,
and inadequate
energy density.
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Box 2.  Electrochemistry of the Nickel-Cadmium Battery
At the positive plate:
 discharge
2 NiOOH + 2 H2O + 2 e–      2 Ni(OH)2 + 2 OH–           ( E0 = 0.49 V vs.  SHE).            (5)
 
   charge
At the negative plate:
           discharge
Cd + 2 OH–    
 
 Cd(OH)2 + 2 e–                                      ( E0 = –0.76 V vs.  SHE ).      (6)
charge
Accordingly, the overall charge and discharge reactions for the cell are:
 discharge
2 NiOOH + Cd + 2 H2O   
 
  2 Ni(OH)2 + Cd(OH)2       ( Ecell = 1.25 V).                     (7)
 
 
  charge
Due to their high
cranking-power,
lower weight and
corrosion-free
atmosphere,
nickel-cadmium
batteries have
found ample
applications in
defence and
space.
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The unpopularity of
cadmium has
encouraged the
development of
nickel-metal
hydride (Ni-MH)
batteries, which
are not only
cadmium-free but
can also store
more energy than
comparatively
sized nickel-
cadmium units.
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                    Box 3. Electrochemistry of the Nickel-Metal Hydride Battery
At the positive plate:
        discharge
NiOOH + H2O +  e–    
 
  Ni(OH)2 + OH–  (E0 = 0.49 V vs.  SHE ). (9)
          charge
At the negative plate:
           discharge
MH +  OH–    
 
 
 M + H2O + e–  (E0 = –0.83 vs.  SHE ). (10)
charge
Accordingly, the net cell reactions during its charge and discharge are given as
 discharge
NiOOH + MH    
 
  Ni(OH)2 + M (Ecell = 1.32 V) . (11)
     charge
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 Box 4. Electrochemistry of the Zinc-Air Battery
At the positive plate:
                   discharge
O2 + 2 H2O + 4 e–   
 
   4 OH–                                 (E0 = 0.4 V vs.  SHE ).                      (12)
         charge
At the negative plate:
discharge
2 Zn + 4 OH–  
 
  2 ZnO + 2 H2O + 4 e–   (E0 = –1.24 V vs.  SHE ). (13)
  charge
Accordingly, the net cell reactions during the charge and discharge of a rechargeable zinc-air unit are given
by,
       
 discharge
2 Zn + O2   
 
   2 ZnO                                   (E
cell = 1.64 V ). (14)
         charge
The most
promising system
among the lithium
secondary
batteries is the
lithium-ion battery.
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                               Box 5. Electrochemistry of the Lithium-Ion Battery
At the positive electrode:
                discharge
x Li+ + x e– + Li1–x CoO2   
 
  
  
LiCoO2  (E0 = 0.6 V vs.  SHE ).  (15)
    charge
At the negative electrode:
         discharge
LiC  
 
    Li1–x C + x Li + + xe– (E0 = –3.0 V vs.  SHE ). (16)
           charge
Accordingly, the net cell reactions during the charge and discharge processes of the cell are written as
below.
    discharge
LiC + Li1–xCoO2  
 
    Li1–x C + LiCoO2 (E cell = 3.6 V ). (17)
     charge
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Cell type Nominal  Specific    Energy    Specific     Power          Self     Cycle life
Voltage  Energy     Density   Power       Density       Discharge
(V) (Wh/kg)    (Wh/I)    (W/kg)      (W/L)           (%/month)
Lead-acid 2.0 35     70     ~200      ~400           4-8     250-500
Lithium-ion 3.6 115     260      20-250    400-500       5-10     500-1000
Lithium-Polymer 3.0 100-200     150-350   >200      >350           ~1                    200-1000
Nickel-Cadmium 1.2 40-60     60-100    140-220   220-350      10-20     300-700
Nickel-Metal Hydride 1.2 60     220     130      475          30                    300-500
Zinc-air 1.2 146     204     150      190          ~5                    ~200
Zebra 2.6 100     160     150      250          ~1                    ~1000
Table 1.  A comparison of
the most promising re-
chargeable batteries for
electric cars.
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